sing a regional arthroplasty register, we assessed the outcome, at five years, of 1198 primary Charnley total hip replacements (THRs) undertaken across a single health region in England in 1990. An independent clinical and radiological assessment was completed for 497 operations, carried out in 18 different hospitals, under the care of 56 consultants and by differing grades of surgeon. The overall number of failures in this group was 44 (8.9%). We found that the risk of failure in patients operated on by a consultant whose firm carried out 60 or more THRs in 1990 was 25% of that of patients under the care of a consultant whose firm undertook less than 30, adjusting for a number of patient, surgeon and hospital characteristics (16% v 4%; p < 0.001 for linear trend).
Primary total hip replacement (THR) is one of the most successful and widely carried out operations. When problems arise with the procedure the focus of attention is usually on the type of prosthesis which has been used. 1, 2 This has led to calls for the use only of prostheses with a proven longterm track record such as the Charnley. 3, 4 
U
There are numerous reports of the long-term follow-up and outcome of the Charnley prosthesis. These indicate a survival of 90% or more at ten years in patients over 60 years of age, but most of these are from single centres or surgeons with a specialist interest in hip surgery. [4] [5] [6] [7] [8] [9] [10] [11] The recently published five-year outcome of this prosthesis, across an English health region, indicated that the results of such surgery, when done in the general setting, may not be as good as expected. 12 Despite the wealth of published literature on arthroplasty of the hip there are few studies which assess any variation in outcome for the same type of prosthesis. In particular, the possible effect of the number of operations undertaken annually by a consultant, and the number carried out in an individual hospital by each grade of surgeon and the level of supervision, has not been analysed. These matters are of interest in other surgical specialties, such as colorectoral cancer, and have been shown to have an effect on outcome. 13 We have used a prospective observational study, using a regional hip register, to analyse the effect of the number of THRs undertaken annually by a single consultant firm on the short-term outcome of the Charnley THR.
Patients and Methods
We studied all patients who underwent a primary Charnley THR during 1990 as registered with the Trent Regional Arthroplasty Study. 12 This is the longest established regional arthroplasty register in England and records, prospectively, all primary total hip and knee replacements done in the Trent region.
14 Patients are entered on the register by the operating surgeon who completes a standard form at the time of the procedure and returns it to the study centre. The form contains clinical, medical and operative details which are then entered onto a computerised database. The data are validated by a peripatetic clerk who checks theatre records, consultant records and the patient administration system of each hospital, to ensure that no data are lost and that those provided are accurate.
A detailed five-year assessment of the primary THRs which were undertaken in 1990 began in 1995. An attempt was made to contact all known living patients, inviting them to attend their local hospital for a clinical and radiological assessment. These were undertaken by a single independent observer (DF), using a standardised system, which has been validated. 15, 16 Patients who were unable to attend were offered a telephone assessment and sent a simple questionnaire regarding their hip replacement. Non-responding patients were sent a second letter and then traced by the Office of National Statistics. An attempt was also made to review all orthopaedic entries in the medical notes of the cohort and, for non-responders, basic details regarding the hip replacement were sought from their general practitioner.
During 1990, 1152 patients received 1198 Charnley THRs. We carried out a clinical and radiological assessment of 499 of the 1080 patients whose outcome was known either at five years or at the death of the patient. Two were excluded because it was not known which consultant firm had carried out the surgery, leaving 497 patients in the study (Table I) .
The operations, carried out in 18 NHS hospitals, were categorised into teaching (n = 5), district (n = 10) and specialist orthopaedic hospitals (n = 3). Surgeons were divided into three categories, consultant, trainee with a consultant assisting and trainee without a consultant assisting. To assess the effect of 'volume' (the number of THRs carried out annually by a consultant firm), we counted the total number undertaken in 1990 under the care of each of the 56 participating consultants.
Statistical analysis. The outcome measure studied was failure, which included those who had had or were awaiting revision and those with radiological failure at five years. We used multilevel logistic regression to analyse the association between the risk of failure at five years and the characteristics of patients, consultants and hospitals. We considered patients to be 'nested within consultant firms', including therefore the consultant firm as a random effect in a multilevel logistic regression model (random intercept model, Stat 7.0, 2001). 17 The type of hospital was included as a fixed effect. We ignored the fact that consultant firms can be considered as 'nested' within hospitals for the following reasons. First, the number of hospitals considered was relatively small, as was the number of consultants per hospital, and, secondly, some consultant firms were active in more than one hospital (23 of the 56, 41%). Their inclusion as a random effect would have required the use of relatively complicated 'multiple membership models'. We used likelihood ratio tests to compare logistic regression models, with and without the risk factors, and to test that the odds ratios were equal to one. The age and the number of THRs undertaken by each consultant firm in 1990 were always entered in the model as continuous variables. Statistical significance was set at p < 0.05. We generated a multilevel random intercept logistic regression model which contained all risk factors in this study. This enabled us to predict the five-year risk of failure according to consultant volume if all the included risk factors were at their reference category.
Results
The number of failures in the group of patients who underwent independent clinical and radiological assessment, was 44 of 497 (8.9%). Of these, 19 (43.2%) were known to have failed, 14 had been revised and five were awaiting revision. The other 25 (56.8%) had radiological evidence of failure. The number of failures according to patient characteristics, hospital type, grade of surgeon and assistant, and consultant 'volume' are shown in Table I .
Univariate analysis indicated that men had a significantly higher risk of failure than women (p = 0.01). There was not a significant difference in the risk of failure between the different diagnostic groups, age or hospital category (Table I) . There was no evidence that procedures carried out by a trainee, whether assisted or not by a consultant, had a higher risk of failure than those carried out by a consultant as lead surgeon. On the contrary, the data suggest the opposite (p = 0.04; Table I ).
The risk of failure was lower in patients operated on by consultant firms who undertook greater numbers of hip replacements (Table I) . Compared with those consultant firms who did 30 THRs or less during 1990, in those who carried out 31 to 39 THRs the relative risk of failure was 0.45, in those who carried out 40 to 59 it was 0.51 and in those who carried out 60 or more it was 0.19.
We predicted the risk of failure according to the number of THRs undertaken by a consultant firm each year in patients whose clinical profile corresponded to the reference category of these risk factors (i.e. a woman, younger than 60 years, with osteoarthritis, operated on in a district general hospital by a consultant), adjusting for the factors in Table I (Table II) . These adjusted risks showed a similar trend to those observed in the univariate analysis. The risk of failure in patients operated on by a surgeon whose firm does 60 or more THRs per year is 25% of that of patients operated on by a surgeon from a firm who does less than 30 (16% v 4%).
Discussion
This study assesses the effect of consultant 'volume' on the outcome of THR across a health region in England. It indicates that the outcome of a reliable prosthesis may be affected by factors such as the recent operative experience of the consultant firm responsible for the patient's care. The outcome at five years for the Charnley prosthesis was better when the consultant had a greater number of THRs under his care during the year. Previous studies of THR have shown a similar effect of volume. An American study showed that surgeons managing less than two THRs per annum had high mortality, infection and revision rates, 18 but this is a very low volume of THRs and may have little relevance to practice in the UK. The Norwegian arthroplasty register, analysing much greater numbers of procedures, has studied the effect of the number of THRs carried out in each hospital on the revision rates for different types of prosthesis. This study found no effect of hospital volume on the revision rates for cemented prostheses, but a higher revision rate at 6.5 years for uncemented implants carried out in hospitals undertaking less than ten each year. 19 The effect of the annual number of operations undertaken has also been studied in other areas of surgery. Surgeon caseload was shown to have no effect on mortality at two years after resection for colorectal cancer, yet hospital workload had a significant impact on survival, with hospitals caring for fewer patients having a worse outcome. 13 A concomitant finding was that trainee surgeons had better outcomes than consultants, but the data which we collected did not allow us to assess whether consultants were doing the more demanding and complex cases. From the case notes, only five of the 44 failures appeared not to be 'straightforward' primary THRs, the patients having undergone previous hip surgery or having arthritis secondary to osteonecrosis. A consultant carried out four of these complex procedures and a trainee one. Our findings differ from those of Marston, Cobb and Bentley 20 who found, in a single-centre study, that trainee surgeons had a poorer outcome in terms of revision.
We acknowledge that there is a potential for bias in a number of aspects of this study and its analysis. Only 497 of the original cohort of 1198 Charnley THRs are included in this study. We had good follow-up data for 1080 THRs but thought that the information would be more accurate if we only included those THRs which had been independently assessed. Indeed, using revision as the endpoint, analysis of the 1080 THRs revealed a similar trend, with a higher 'volume' of consultants having lower rates of revision.
We have previously shown no difference in terms of age or diagnosis between the group seen and known not to have failed and that not seen and not known to have failed. It is possible that concerned patients or those not under routine regular review were more likely to attend an independent assessment, which may account for the higher proportion of men who attended, although this did not reach statistical significance. 12 Every living patient was given the opportunity to attend an independent review at the hospital which carried out their original operation, irrespective of a routine follow-up being undertaken by their consultant. At the time of the study, however, two of the three specialist orthopaedic hospitals in the region had closed and assessment of these patients was offered at other hospitals. This may account for the slightly lower proportion of patients being assessed from specialist hospitals (37%) compared with teaching (55%) or district hospitals (55%). We do not feel that there is any logical reason why the patients' decision to attend should have been influenced by the hospital or surgeon who carried out the THR.
This study highlights the fact that, in the general setting, using an established hip prosthesis with known results, the outcome varies with the number of THRs carried out each year by the consultant firm. This indicates that clinical governance should not only focus on the type of prosthesis being implanted, but also on the surgeon's case load and the hospital environment. Further studies would probably be best planned and undertaken using some form of national joint replacement register, which would need to include some patient characteristics to adjust for case-mix, complexity and severity.
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